Moderately differentiated neuroendocrine carcinoma/atypical carcinoid tumor is the most common nonsquamous malignancy in the larynx; however, due to morphologic overlap and calcitonin immunoreactivity, it can be difficult to distinguish from thyroid medullary carcinoma. Currently, low serum calcitonin is the most reliable means for distinguishing primary laryngeal moderately differentiated neuroendocrine carcinoma from metastatic medullary carcinoma. Thyroid transcription factor-1 (TTF-1) is positive in at least 80% of medullary carcinomas, but has not been evaluated in laryngeal moderately differentiated neuroendocrine carcinomas. Additionally, it has been suggested that p53 is positive in laryngeal moderately differentiated neuroendocrine carcinomas and negative in other neuroendocrine tumors, but this has not been validated. The purpose of this study was to determine if the immunohistochemical markers TTF-1 and p53 could be used to discriminate between laryngeal moderately differentiated neuroendocrine carcinomas and thyroid medullary carcinomas. Eight laryngeal moderately differentiated neuroendocrine carcinomas and 10 thyroid medullary carcinomas were identified from the archival files of the BWH and MGH Pathology Departments. Hematoxylin and eosin slides were reviewed, and immunohistochemistry was performed using antibodies to calcitonin, TTF-1, and p53. Calcitonin immunohistochemistry demonstrated immunoreactivity in 100% of laryngeal moderately differentiated neuroendocrine carcinomas (N ¼ 8) and 100% of thyroid medullary carcinomas (N ¼ 10). There was weak, focal immunoreactivity with TTF-1 in one of eight (13%) laryngeal moderately differentiated neuroendocrine carcinomas, whereas nine of ten (90%) medullary carcinomas were positive for TTF-1, with strong diffuse staining in seven of these cases (78%). p53 was positive in three of six (50%) laryngeal moderately differentiated neuroendocrine carcinomas, and three of ten (30%) medullary carcinomas. Our data demonstrate that immunoreactivity for TTF-1, but not calcitonin or p53, may be helpful in distinguishing laryngeal moderately differentiated neuroendocrine carcinoma and thyroid medullary carcinoma. In particular, diffuse and/or strong TTF-1 immunoreactivity favors a diagnosis of primary thyroid medullary carcinoma over laryngeal moderately differentiated neuroendocrine carcinoma. Keywords: carcinoid; neuroendocrine; medullary; larynx; thyroid; TTF-1; p53; calcitonin Moderately differentiated neuroendocrine carcinoma (atypical carcinoid tumor) is the most common nonsquamous malignancy in the larynx, metastasizing to regional lymph nodes, skin, subcutaneous tissue or distant sites in approximately 20-40% of cases.
Moderately differentiated neuroendocrine carcinoma (atypical carcinoid tumor) is the most common nonsquamous malignancy in the larynx, metastasizing to regional lymph nodes, skin, subcutaneous tissue or distant sites in approximately 20-40% of cases. 1, 2 Moderately differentiated neuroendocrine carcinomas of the larynx and medullary carcinomas of the thyroid demonstrate morphological overlap, and can be microscopically indistinguishable, particularly when presenting as a metastasis. Currently, serum calcitonin is the only objective means for distinguishing primary moderately differentiated neuroendocrine carcinoma of the larynx from metastatic medullary carcinoma, as calcitonin immunohistochemistry is reportedly positive in both tumors. [3] [4] [5] [6] Thyroid transcription factor-1 (TTF-1) is a nuclear homeodomain transcription factor that is selectively expressed in developing respiratory epithelium, thyroid and diencephelon. 7, 8 Immunohistochemical studies have shown that TTF-1 is expressed in a subset of lung and most thyroid neoplasms, including pulmonary neuroendocrine tumors and medullary carcinoma of the thyroid. [9] [10] [11] [12] Among pulmonary neuroendocrine tumors, positive expression of TTF-1 varies from 35 to 95% in well-differentiated neuroendocrine tumors ('typical' carcinoids), 9, 12 and 75-100% in atypical carcinoids, large-cell neuroendocrine carcinomas and small-cell carcinomas. 9 In thyroid medullary carcinomas, TTF-1 immunoreactivity has been shown to be consistently positive. [10] [11] [12] [13] Despite the overlapping morphologic and immunophenotypic features of moderately differentiated neuroendocrine carcinomas of the larynx and medullary carcinomas of the thyroid, TTF-1 expression in laryngeal moderately differentiated neuroendocrine carcinomas has not been examined. The objective of this study therefore was to determine if immunohistochemical staining for TTF-1 could be used to discriminate between moderately differentiated neuroendocrine carcinomas of the larynx and thyroid medullary carcinomas. p53 was also studied as a potential discriminator as at least one prior investigation has suggested that it may be a useful marker for moderately differentiated neuroendocrine carcinomas. 5 
Materials and methods
Cases were obtained from the archival files in the Departments of Pathology at Brigham and Women's Hospital and Massachusetts General Hospital, Boston, MA, USA. Eight moderately differentiated neuroendocrine carcinomas of the larynx (five male and three female patients; mean age 61 years, range 45-82 years) and 10 thyroid medullary carcinomas (six male and four female patients; mean age 49 years, range 28-79 years) were evaluated. Hematoxylin and eosin-stained slides generated from formalin-fixed, paraffin-embedded tissue were reviewed to confirm the diagnoses prior to inclusion in the study. Immunohistochemistry was performed using the Envision Plus/Horseradish Peroxidase system (DAKO Corp., Carpinteria, CA, USA), a rabbit antibody to calcitonin (1:8000; DAKO), a mouse monoclonal antibody to TTF-1 (clone 8G7G3/1; 1:100; DAKO), and a mouse monoclonal antibody to p53 (clone DO-1; 1:100, Immunotech, Miami, FL, USA). Briefly, paraffin-embedded sections were incubated in hydrogen peroxidase and absolute alcohol for 30 min to block endogenous peroxidase activity. Antigen retrieval was performed prior to incubation with the TTF-1 and p53 antibodies using microwave pretreatment in a citrate buffer (pH ¼ 6.0). Antigen retrieval was not performed prior to incubation with the calcitonin antibody. Tissue sections were subsequently incubated with a primary antibody for 40-60 min at 251C. Following TBS rinses, the tissue was incubated using the Envision Plus secondary antibody (either anti-rabbit or anti-mouse) for 30 min followed by diaminobenzidine for 5 min (calcitonin) or 10 min (TTF-1 and p53). Appropriate positive and negative controls (using normal rabbit or mouse serum) were stained in parallel. Calcitonin and TTF-1 were evaluated for positive cytoplasmic and nuclear staining, respectively. p53 was considered positive if 41% of tumor cells demonstrated a nuclear immunostaining pattern.
Results
Histologically, moderately differentiated neuroendocrine carcinomas of the larynx (N ¼ 8) and medullary carcinomas of the thyroid (N ¼ 10) had overlapping features (Figure 1a and b), which included: epithelioid to spindle cells with moderate amounts of pale eosinophilic cytoplasm; an architectural arrangement in cords, nests and solid sheets; characteristic nuclei with stippled neuroendocrine-type chromatin; scattered mitoses; and a prominent vascular network. Two of the laryngeal tumors and five of the thyroid tumors were metastatic to regional lymph nodes. Immunohistochemistry with calcitonin, TTF-1 and p53 was performed on all primary tumors (Table 1) , one metastatic laryngeal moderately differentiated neuroendocrine carcinoma and three metastatic medullary carcinomas of the thyroid.
Calcitonin Immunostaining
Immunohistochemistry with calcitonin demonstrated diffuse cytoplasmic immunoreactivity in eight of eight (100%) primary moderately differentiated neuroendocrine carcinomas of the larynx and 10 of 10 (100%) primary medullary carcinomas of the thyroid.
TTF-1 Immunostaining
There was weak, focal nuclear immunoreactivity with TTF-1 in one of eight (13%) moderately differentiated neuroendocrine carcinomas of the larynx; the remainder of cases were negative ( Figure  1c ). In contrast, nine of 10 (90%) medullary carcinomas were positive for TTF-1 with seven of these cases (78%) demonstrating a strong diffuse nuclear staining pattern (Figure 1d ). The one TTF-1-negative medullary carcinoma was more poorly differentiated with a spindle cell morphology. 
Discussion
Neuroendocrine carcinomas of the larynx are infrequent, yet well-recognized tumors that represent Figure 1 Moderately differentiated neuroendocrine carcinomas of the larynx (a) and medullary carcinomas of the thyroid (b) are indistinguishable by morphology alone (H&E stain). The majority of moderately differentiated neuroendocrine carcinomas of the larynx are negative for TTF-1 (c), whereas most medullary carcinomas of the thyroid demonstrate positive nuclear staining for TTF-1 (d). Occasional cells demonstrate nuclear positivity for p53 in a subset of moderately differentiated neuroendocrine carcinomas of the larynx (e) and medullary carcinomas of the thyroid (f).
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Although the morphologic findings of these tumors have not varied, the nomenclature of laryngeal neuroendocrine neoplasms has changed since the time that they were first recognized. [2] [3] [4] 6, 17, 18 In 1993, the World Health Organization (WHO) subdivided laryngeal neuroendocrine tumors into carcinoid, atypical carcinoid and small cell carcinoma. 17 More recently, it has been suggested 2 that the following nomenclature would more accurately represent morphologic and biologic differences between laryngeal neuroendocrine neoplasms: well-differentiated neuroendocrine carcinoma (typical carcinoid), moderately differentiated neuroendocrine carcinoma (atypical carcinoid), poorly differentiated neuroendocrine carcinoma-small cell type and poorly differentiated neuroendocrine carcinoma-large cell type. Most pertinent to this study, the change in nomenclature from atypical carcinoid to moderately differentiated neuroendocrine carcinoma would accurately reflect the fact that these tumors are aggressive, malignant neoplasms, which have a significant potential to metastasize.
Morphologically, moderately differentiated neuroendocrine carcinomas of the larynx are most commonly composed of nests or sheets of epithelioid cells with characteristic neuroendocrine features including round to oval nuclei, stippled chromatin, occasional nucleoli and variable hyperchromasia. Pleomorphism, mitoses, necrosis and an infiltrative border are more often appreciated when compared to well-differentiated neuroendocrine carcinomas (carcinoid tumors). The most troubling differential diagnosis for moderately differentiated neuroendocrine carcinoma of the larynx (especially those that are metastatic) is medullary carcinoma of the thyroid, as morphologically these two tumors can be indistinguishable. Additionally, immunohistochemistry has not proven to be useful in making this distinction since both tumors are immunoreactive with keratins, neuroendocrine markers, CEA and calcitonin. 1, 4, 6 Currently, the only known objective discriminator between moderately differentiated neuroendocrine carcinoma of the larynx and medullary carcinoma of the thyroid is serum calcitonin, which should be elevated in medullary carcinomas of the thyroid and within normal limits in moderately differentiated neuroendocrine carcinomas of the larynx. However, there are rare exceptions as three out of over 300 reported cases of moderately differentiated neuroendocrine carcinoma of the larynx in the literature were reportedly associated with an elevated level of calcitonin. [19] [20] [21] In each of these three cases, thyroidectomies were performed and the evaluated tissue was reportedly negative for medullary carcinoma. Despite the recognition that only very rare cases of moderately differentiated neuroendocrine carcinoma of the larynx may have elevated serum calcitonin levels, a marker at the light microscopic level would be helpful for objectively distinguishing moderately differentiated neuroendocrine carcinoma of the larynx from medullary carcinoma of the thyroid.
Mutations of the p53 gene have been commonly associated with numerous malignancies. More specifically, a point mutation causes a conformational change in the p53 protein, which increases the halflife and results in an accumulation of protein within neoplastic cells, which can then be detected by immunohistochemical analysis. Studies have shown that overexpression of p53 in neuroendocrine tumors, including medullary carcinomas of the thyroid, is rare. 22, 23 In contrast, it has been suggested that p53, which has been shown to be diffusely positive in three laryngeal moderately differentiated neuroendocrine carcinomas, may play a role in the pathogenesis of this tumor, unlike other neuroendocrine tumors. 5 However, these findings have not been validated.
TTF-1 is a transcription factor that regulates the gene expression of thyroid-specific proteins, including thyroglobulin, thyrotropin receptor and thyroperoxidase. TTF-1 has also been shown to regulate surfactant expression in lung as it is expressed in type II pneumocytes and Clara cells. Multiple studies have shown that TTF-1 is immunoreactive in both neuroendocrine and non-neuroendocrine MDNECs of the larynx 8/8 (100%) 1/7 (14%) 3/6 (50%) MCs of the thyroid 10/10 (100%) 9/10 (90%) 3/10 (30%)
MDNECs ¼ moderately differentiated neuroendocrine carcinomas; MCs ¼ medullary carcinomas.
TTF-1 and atypical carcinoids of the larynx MS Hirsch et al tumors of the thyroid and lung. In the thyroid, 80-100% of follicular adenomas, follicular carcinomas, papillary carcinomas, and medullary carcinomas are positive for TTF-1. [10] [11] [12] [13] Adenocarcinomas of the lung are positive in approximately 70-80% of cases, and squamous cell carcinomas of the lung are nearly always negative. [24] [25] [26] In contrast, neuroendocrine tumors of the lung demonstrate variable amounts of TTF-1 immunoreactivity with the least amount of staining in carcinoid tumors (B35% of cases), and the greatest amount in atypical carcinoid tumors and small cell carcinomas (greater than 90% of cases). 9, 26 However, TTF-1 has not been evaluated in laryngeal neuroendocrine carcinomas.
In the present study, TTF-1, calcitonin and p53 expression are compared between moderately differentiated neuroendocrine carcinomas of the larynx and medullary carcinomas of the thyroid. Our findings confirm that immunohistochemistry with calcitonin does not discriminate between moderately differentiated neuroendocrine carcinoma of the larynx and medullary carcinoma of the thyroid as it was identified in 100% of each of these tumor types. Additionally, p53 does not appear to be a useful marker for making this distinction, since it was found in 50% of moderately differentiated neuroendocrine carcinomas of the larynx and 30% of medullary carcinomas of the thyroid.
In contrast, TTF-1 immunostaining does appear to be helpful in distinguishing these two tumors, as it is present in only 13% of moderately differentiated neuroendocrine carcinomas of the larynx (one of eight cases), and in 90% of medullary carcinomas of the thyroid (nine of 10 cases). It should be noted, however, that the one TTF-1-positive moderately differentiated neuroendocrine carcinoma case demonstrated weak, focal positivity, whereas seven of nine medullary carcinomas were strongly and diffusely positive for this marker. Additionally, the only medullary carcinoma that was negative for TTF-1 was a poorly differentiated variant with a spindle cell morphology.
Two of the laryngeal tumor cases and five of the thyroid tumor cases were also metastatic to regional lymph nodes. One of the two metastatic moderately differentiated neuroendocrine carcinomas of the larynx was available for immunostaining. In this case, both the primary and metastatic tumors were positive for calcitonin and negative for TTF-1. p53 was only performed on the metastatic tumor and was positive. In contrast, three of the five metastatic medullary carcinomas were stained: in two of these cases, calcitonin, TTF-1 and p53 were positive in both the primary and metastatic sites; however, in the third case, the primary tumor was positive for calcitonin and TTF-1 and negative for p53, whereas the metastatic tumor was only positive for calcitonin and negative for both TTF-1 and p53. We recognize that the number of metastatic tumors evaluated in this series is limited. Therefore, to further support the use of TTF-1 staining in metastatic neuroendocrine tumors of unknown primary, especially to lymph nodes and cutaneous sites in the head and neck region, additional cases will need to be examined. Still, these limited results appear to support the use of TTF-1 in distinguishing between moderately differentiated neuroendocrine carcinoma of the larynx and medullary carcinoma of the thyroid.
Overall, the findings suggest that diffuse and/or strong TTF-1 immunoreactivity, in combination with positive calcitonin staining, favors a diagnosis of medullary carcinoma of the thyroid over moderately differentiated neuroendocrine carcinoma of the larynx. While not completely discriminatory, the combined use of calcitonin and TTF-1 in the evaluation of a metastatic neuroendocrine carcinoma of unknown primary in the head and neck region can be a useful first step in guiding the clinical evaluation of these tumors.
